The Centre for Epidemiologic Studies of Depression (CES-D) and the Euro-D are commonly used depressive symptom scales but their comparability has not been assessed to date. This article aims to contribute to the literature comparing the drivers of depression in old age across countries by examining whether CES-D (in its eight-item short version) and Euro-D are comparable. Data from the Survey of Health, Ageing and Retirement in Europe (SHARE, N=15,487) covering 13 countries was used to examine the scales' distributional properties, systematic differences between population subgroups, sensitivity and specificity, and associations with established risk factors for depression in old age. CES-D and Euro-D were strongly correlated (r=0.6819 (p<0.000). However, agreement between the two scales was moderate. There were systematic discrepancies in scores by demographic characteristics. CES-D captures a more extreme pool of depressed individuals than Euro-D. Although associations with risk factors are always in the same direction, they are often stronger for CES-D than Euro-D. Findings highlight the need be cautious when comparing depression levels and associations with risk factors between surveys using different measures of depressive symptoms.
Introduction
Depression is the leading cause of years lived with disability and the fourth leading contributor to the global burden of disease worldwide (Alexopoulos, 2005; Djernes, 2006; Ferrari et al., 2013) . Depression is also the most frequent cause of emotional suffering in later life (Beekman, Copeland, & Prince, 1999) . A growing literature based on cross-national comparable data suggests that there are significant differences in the prevalence of later-life depressive symptoms across countries (Castro-Costa et al., 2007; Kok, Avendano-Pabon, Bago d'Uva, & Mackenbach, 2012; Missinne, Vandevive, Van de Velde, & Bracke, 2014; Ploubidis & Grundy, 2009 ). In addition, recent studies suggest that risk factors for depression may differ cross-nationally (Crimmins, Kim, & Solé-Auró, 2011; Di Gessa & Grundy, 2014; Lunau, Wahrendorf, Dragano, & Siegrist, 2013; Riumallo-Herl, Basu, Stuckler, Courtin, & Avendano-Pabon, 2014; Siegrist, Lunau, Wahrendorf, & Dragano, 2012) . Most of these studies are based on data from harmonized longitudinal ageing studies, such as the Survey of Health, Ageing and Retirement in Europe (SHARE), the English Longitudinal Study of Ageing (ELSA) and the Health and Retirement Survey (HRS) in the United States (US). An advantage of these surveys is that they include broadly comparable measures of health, employment, social interactions and well-being (Banks, Nazroo, & Steptoe, 2012; Börsch-Supan, Hank, & Jürges, 2005 ; National Institute on Ageing, 2014). However, they use different measures to assess depressive symptoms. While SHARE uses the Euro-D scale of depressive symptoms, HRS and ELSA rely on a short version of the Centre for Epidemiological Studies Depression (CES-D) scale. Although measurement comparability is an essential prerequisite for robust comparisons across countries, it is as yet unclear how the CES-D scale compares to the Euro-D scale, and whether cross-national comparisons using these two different measures are valid.
In this paper, we exploit unique data from the second wave of SHARE, which administered both the CES-D and Euro-D scales to a sample of older Europeans in 13 countries. Our aim was to assess the comparability of the scales; their sensitivity and specificity to identify depression caseness; and to assess differences in the association of each scale with established risk factors for depression. To our knowledge, this is the first study examining the comparability of the CES-D and Euro-D measures of depressive symptoms.
Methods

Data Collection and Participants
SHARE is a longitudinal, nationally representative survey designed to provide comparable information on the health, employment and social conditions of Europeans aged 50+ in 13 countries (Austria, Belgium, Czechia, Denmark, France, Germany, Greece, Italy, Poland, Spain, Sweden, Switzerland and the Netherlands). Specific details about the survey are available elsewhere (Börsch-Supan & Jürges, 2005) . Participants in each country were interviewed in 2004/5 and subsequently re-interviewed in 2006/7, 2008/9, 2010/11 and 2012/13 through face-to-face interviews using Computer-Assisted Personal Interviewing (CAPI) technology. Expert agencies translated items, with extensive pre-testing to ensure comparability. Response rates varied from country to country, but overall household response at enrolment was 62% (Börsch-Supan & Jürges, 2005) . For our analysis, we used data from the second wave, which contained measures of both the Euro-D and CES-D for the same respondents. Only respondents with scores from the two scales were included in the analysis, resulting in a final sample of 15,487 respondents.
Measures
We compared two scales of depressive symptoms: (a) the eight-item version of the CES-D scale; and (b) the 12-item EURO-D scale. The original CES-D scale comprises 20 items (Radloff, 1977) , but shorter versions are frequently used and have been shown to be reliable (Kohout, Berkman, Evans, & Cornoni-Huntley, 1993 ). An eight-item version of the CES-D scale was included in the second wave of SHARE, asking respondents whether they had experienced any of the following symptoms during the previous week: felt depressed, felt that everything was an effort, felt that their sleep was restless, were happy, felt lonely, enjoyed life, felt sad, or were unable to get going. Possible responses were yes or no. The score ranges from zero to eight, with higher scores indicating higher levels of depressive symptoms. A cut-off point of three is frequently used to define depression caseness (Han, 2002; Turvey, Wallace, & Herzog, 1999) . The CES-D scale was originally designed to measure depressive symptom levels in the US but the validity of translated versions has been confirmed for European countries (Fuhrer & Rouillon, 1989; Goncalves & Fagulha, 2004; Missinne, et al., 2014; Van de Velde, Bracke, & Levecque, 2010; Van de Velde, Bracke, Levecque, & Meuleman, 2010) .
The EURO-D scale was developed to collect harmonized data on late-life depressive symptoms in the 11 European countries which took part in the EURODEP study . Five existing depression measures (Geriatric Mental State-AGECAT, SHORT-CARE, CES-D, Zung Self-Rating Depression Scale, and the Comprehensive Psychopathological Rating Scale) were merged to form a 12-item scale .
The Euro-D has been evaluated as reliable and is highly correlated with other mental health measures . Respondents were asked to report whether during the past month they experienced any of the following symptoms: depressed mood, pessimism, suicidality, guilt, sleep, interest, irritability, appetite, fatigue, concentration, enjoyment and tearfulness. Possible responses were yes or no. The score ranges from zero to 12, with higher scores indicating higher levels of depressive symptoms (Prince, 2002) . A threshold of four has been suggested for depression caseness (Castro-Costa, et al., 2007; Castro-Costa et al., 2008; Dewey & Prince, 2005) .
Data Analysis
As the two scales include different numbers of items and consequently have different total scores, values were normalized to obtain a common metric for both ranging from 0 to 1. Normalized scales were obtained by dividing individual scores by the country-specific maximum value for each scale. For Euro-D, this value ranged from 0 to 11 or 12 depending on the country, while for CES-D this ranged from 0 to 8. Roughly, estimates from normalized scores can be translated into original scales by multiplying coefficients by the mid-range of the maximum value for each scale.
First, to assess whether there were systematic differences in the response to each scale by the same respondent, a difference score (Euro-D minus CES-D) was used to summarize congruence between the two scales (Edwards, 2001) . Ordinary least squares (OLS) models were then used to assess the predictors of incongruence (Buber & Engelhardt, 2011; Cairney & Krause, 2005) . All multiple linear regression models included gender, age in three categories (50 to 60, 61 to 70, over 70), marital status (married or in a partnership; divorced, widowed or single), education in three categories (primary education or less; secondary education; post-secondary education), a measure of economic strain (household is able to make ends meet with difficulty or with some difficulty; household is able to make ends meet easily or fairly easily), the number of chronic illnesses (less than two chronic illnesses; two or more chronic illnesses), limitations in activities of daily living (less than one limitation with activities of daily living; more than one limitation with activities of daily living) reported by the respondent; and country of residence.
The Euro-D and CES-D scales use different cut-off points to determine depression caseness, i.e. whether respondents are likely to be clinically depressed. We estimated Cohen's kappa scores (κ) to assess the level of agreement between the two scores in identifying depression caseness. Values range between 0 (agreement equivalent to chance) and 1 (perfect agreement) (Altman, 1991) . Next, the sensitivity (proportion of depressed individuals identified as depressed) and the specificity (proportion of non-depressed individuals categorized as non-depressed) of the CES-D were estimated, using the Euro-D scale as reference. A perfect match would be described as 100% sensitive (all respondents classified as depressed by the Euro-D scale are classified as depressed by the CESD scale) and 100% specific (all respondents classified as non-depressed in the Euro-D scale are classified as non-depressed by the CESD scale). We used the recommended threshold for caseness for depression for both scales. In sensitivity analyses, we examined alternative cut-off points (e.g. a threshold of three for the Euro-D scale, as sometimes recommended in the literature).
We found that results were not sensitive to the specific thresholds and therefore decided to report only the results for the optimal combination between two scores (four for Euro-D and three for CES-D). The Receiver Operating Characteristic (ROC) curve was also used to examine whether the CES-D scale identified the same depressed respondents as the Euro-D scale. The ROC curve (Hanley & McNeil, 1982) measures the overall ability of the CES-D scale to discriminate against the criterion of the Euro-D score. The area under the ROC curve measures accuracy: an area of 1 represents a "perfect match", while an area of 0.5 represents a "worthless match". A value between 0.90 and 1 was considered as excellent, between 0.80 and 0.90 as good, and between 0.70 and 0.80 as fair (Hanley & McNeil, 1982) .
Finally, the associations between each normalized depression score and selected wellestablished risk factors for depression were explored. Multiple linear regression models were first estimated to assess whether the associations of depressive symptoms with risk factors differed for the two scales. Coefficients report the association between each explanatory variable and the continuous outcome score. Logistic regression was then used to estimate the association between each risk factor and depressive symptomatology. Cross-equation tests were performed to determine whether the associations between depressive symptom scores and explanatory variables were statistically different across the two scales.
All analyses were conducted using Stata 13 (StataCorp, 2013) .
Results
Descriptive statistics
The correlation between the two scores was 0.6819 (p<0.000). The scales had a similar level 
Intra-individual differences
The determinants of intra-individual differences in scores are formally explored in Table 2 Respondents in Sweden, the Netherlands, France, Denmark, Greece, Switzerland, Belgium, and Poland were more likely to score higher on the Euro-D than the CESD score compared to respondents in Austria (the reference country), while the opposite was true for Italy.
Predicted score differences can be estimated for different individual profiles to illustrate the magnitude of these differences. For example, an Austrian male respondent, aged over 70, single or widowed, with secondary education, reporting both more than one limitation in ADL and more than two chronic conditions will score 0.0844 points higher on the CES-D scale than on the Euro-D scale. In contrast, an Austrian female in the youngest age group without health limitations, higher levels of education and married or in a partnership will have a smaller score difference of 0.054 point.
<Table 2 about here>
Discriminability of the two scales
The Euro-D and the CES-D score use different cut-off points to screen for older people with depression. The level of agreement between the two scores, as measured by the kappa score, was moderate (κ=0.529, 95% CI 0.514-0.545). Table 3 Table 4 summarizes results from models that assess whether associations between depressive symptoms scores and established risk factors for depression in old age vary by scale. Table 4 also displays the results of the logistic regression models, which summarize the association between explanatory variables and depressive symptomatology as ascertained by each scale. With the exception of three country dummies and age above 70 for the CES-D scale, all variables were significantly associated with the odds of being classified as depressed by the two scales. In line with the results from the linear regressions, the largest difference between the two scales was found for marital status. Being divorced, single or widowed is associated with higher odds of being classified as depressed by the CES-D scale (1.861, 95% CI 1.6750-2.0681) than by the Euro-D scale (1.319, 95% CI 1.1873-1.4648). Cross-equation tests suggest no significant difference between the two scales in their associations with health measures and educational level. However, the association with gender, being over 70, marital status and economic strain was stronger for the CES-D score.
Country-specific models
In supplementary analyses, separate models as presented in Table 4 were fitted for each country (see Appendix 2) . These models revealed no clear systematic differences between countries. Although it is difficult to identify a common pattern, in most countries, associations between health measures and education tended to be systematically stronger for the CES-D than the Euro-D. Gender differences were larger for the Euro-D than for the CES-D scale in many countries, confirming results from Table 4 . In most countries, the largest difference between the Euro-D and CES-D scores was for associations with gender and marital status.
Discussion
Our aim was to assess the comparability of the Euro-D and CES-D scales, two measures commonly used in ageing surveys. We found a high correlation between the two scores, but there are important differences in their properties. The CES-D scale is more skewed to the left resulting in a higher standard deviation compared to the Euro-D scale. Being male, as well as characteristics associated with social disadvantage (older age, divorced/widowed/single, low education, economic strain) and higher levels of physical limitations (two or more chronic diseases and one or more ADL limitations) are associated with significantly more negative discrepancies in assessments between the Euro-D and CES-D scales. Sensitivity estimates suggest that the CES-D scale captures a more extreme pool of depressed individuals than the Euro-D scale. As a result, the association between risk factors and depressive symptom scores is often stronger for the CES-D than for the Euro-D scale. Our findings highlight the need for some caution in interpreting comparisons of levels and associations with risk factors between surveys using different measures of depressive symptoms.
Limitations and strengths
Our study is unique by assessing depressive symptoms using the Euro-D and CES-D scales for the same respondents in representative samples of Europeans in 13 countries. However, several limitations should be considered. The scales use different reference periods: Euro-D asks about depressive symptoms in the past month while CES-D asks about symptoms in the past week (Zamarro, Meijer, & Fernandes, 2008) . On the other hand, both scales have been shown to have relatively high test-retest reliability over short to medium periods of assessment, suggesting that although differences in reference periods might contribute to differences in scores, they are unlikely to fully account for the systematic differences in distributions observed in our study (Larraga, Saz, Dewey, Marcos, & Lobo, 2006; Radloff, 1977) . Second, the cross-sectional nature of CES-D and Euro-D measures in SHARE did not enable us to examine comparatively in score changes. In addition, our paper focused only on participants who responded to the questions used to build the two scores. Although focusing on these respondents was necessary in order to compare the scales, caution should be exercised when interpreting the results as respondents included in the study may not be representative of the full sample. 
Implications for future research
Despite high levels of correlation between the two scales, caution in the interpretation of associations with risk factors is required. Our results highlight some differences in associations between CES-D and Euro-D with established risk factors for depression. This would suggest that differences in these associations reported in previous comparative studies are to some extent due to the use of different scales. On the other hand, an important question is whether differences between estimates for CES-D and Euro-D are clinically meaningful. In order to provide an estimate of the magnitude of differences in the associations between risk factors and depressive scores, we computed partial Eta-squared (Richardson, 2011) . This measure provides an estimate of the clinical significance of the results by comparing the relative sizes of the effects from different risk factors on depressive symptoms levels as measured by the two scales. Appendix 3 displays the estimates for the two scores side by side, together with their 95% CI. For all variables, we find a small to medium effect size, according to Cohen's criterion (Cohen, 1988) . More importantly for the validity of previous comparative studies using these scales together, we find that the 95% CI overlap for most risk factors, but gender and marital status. Based on the results presented in Table 2 There may also be several alternatives to address the differences between the two measures of depressive symptoms. A first approach would be to identify the items that are similar across both scales (e.g., depression, sleep, energy to do things), as done in earlier studies for robustness check (Riumallo-Herl, et al., 2014) . This approach is still limited by the fact that the internal consistency of the two measures is compromised by using selected items Using this scale in combination with depression scores and self-reports of anti-depressant use, has been shown to provide a more comprehensive assessment of mental health in old age (Kruk & Reinhold, 2014; Ploubidis & Grundy, 2009 ). However, these extensive measures are costly and unlikely to be available always across different studies and across waves. In addition, the prescription of anti-depressives may differ substantially across countries, again introducing a source of potential bias. A third, and potentially more feasible approach derived from our study would be to achieve comparability by rescaling the Euro-D In conclusion, we find that despite a high correlation between the two scales, there are differences in the way individuals report depressive symptoms when using the Euro-D and CES-D scales. Our results suggest that while direct comparisons of depressive symptoms levels between countries and using different measures should be avoided, studies that compare associations between risk factors and depressive symptoms across countries using these measures can still be valid. Although the strength of associations differs, our study shows that associations between each scale and risk factors are often in the same direction and display similar levels of clinical significance. Rescaling one of the scales or using more comprehensive assessments of wellbeing may be helpful in minimizing bias. Our findings imply that both scales measure the same underlying concept and, with some adjustments, can be used in comparative studies of the determinants of depression in old age. 
